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BORE SURFACE WITH "BASE POROSITY"
BEFORE THE BREAK-IN FINISH IS APPLIED.
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F1G. 3

BORE SURFACE WITH "BASE POROSITY"

AFTER THE BREAK-IN FINISH IS APPLIED
BY THE INDUSTRY STANDARD METHOD

F1G. 4

BORE SURFACE WITH "BASE POROSITY"
AFTER THE BREAK-IN FINISH IS APPLIED

BY THE PRESENT INVENTION.
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1
FINISH FOR CYLINDER LINERS

This application is a continuation of application Ser.
‘No. 647,992, filed on 09/06/84 now abandoned. 5

BACKGROUND OF THE INVENTION

The present invention relates to the finish for a cylin-
der liner, and in particular to chromium plated internal
combustion engine cylinder liners, and to a method of 10
applying this finish. -

In the manufacture of chromium plated cylinder
bores, the inner cylindrical walls are typically made
porous in the range of 109%-50% by a variety of meth-
ods, such as reverse current etching, as disclosed, for 15
example, in U.S. Pat. Nos. 2,314,604, 2,412,698,
2,430,750, 2,433,457, 2,620,296, chemical etching, or
various mechanical methods. These methods provide
virtually mirror smooth plateau bearing surfaces sur-
rounding the pores or crevices formed thereby. 20

Due to variations inherent in any manufacturing pro-
cess, the piston rings of the pistons which reciprocate in
the cylinder bores and the inner cylindrical bearing
surfaces of the bores often do not match, which is detri-
mental to obtaining a positive seal to high pressure gases 25
or liquids. To cause the piston rings to lap in to fit the
cylinder bore surface, it has been known in the past to
provide an abrasive finish to the entire inner cylindrical
wall of the cylinder liner by a dry abrasive blasting
method, such as is disclosed in U.S. Pat. No. 3,063,763. 30
As described in the aforementioned patent the break-in
surface typically has a depth of porosity induced by
blasting of from 7 to 20 microinches depending on the
size of the abrasive used in the blast. In this prior pro-
cess, the representative coating is formed by blasting 35
the surface of a typical 9" diameter by 22" cylinder with
around 100 pounds of abrasive within about a minute.
When using that amount of abrasive, each part of the
surface is impacted by a large number of particies, re-
sulting in a thoroughly roughened surface having sharp, 40
closely spaced projections.

Disadvantages of the known cylinder liner break-in
finish includes a relatively long “break-in” period dur-
ing which the piston rings lap in to fit the cylinder bore,
excessive ring wear and piston ring groove wear during 45
the prolonged break-in period and an undesirably high
oil consumption during this break-in period, as well as
during subsequent operation of the engine as a result of
increased residual porosity.

It is, therefore, an object of the invention to provide 50
a finish to the inner cylindrical surface of a cylinder
liner which results in a comparatively short break-in
period relative to the known finishes, minimal ring and
ring groove wear, and which will result in reduced
lubricating oil consumption while still maintaining out- 55
standing wear resistance.

SUMMARY OF THE INVENTION

In accordance with the present invention, after apply-
ing a first finish and base porosity to the inner surface of 60
the cylinder, the break-in surface is applied with sub-
stantially dispersed pits and projections, (in contrast to
the closely spaced projections which had been the stan-
dard industry practice for at least 25 years). In the pres-
ent invention this desired wide spacing is best achieved 635
by reducing the blast site by 100 fold over that previ-
ously used. As mentioned above, in the prior art, and in
normal industry practice, a 22 inch by 9 inch diameter
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cylinder wall would be blasted within the order of 100
pounds of abrasive in a one minute period, amounting to
the application of around 0.15 to 0.2 pounds of abrasive
per square inch of surface. In the present invention, the
blast rate is between 0.0005 and 0.005 pounds per square
inch, and may be preferably in the order of 0.001 to
0.002 pounds per square inch. At this application rate,
the resultant pores with abrasive projections are
sparcely scattered throughout the surface being rough-
ened. For example, when using 150 mesh gnt, the pores
generated are about 0.00015 inches in diameter and the
resultant uplifted metal is much smallar yet. Each of
these pores with uplifted projections are spaced about
0.004 inches apart or roughly 26.6 pore diameters apart.

The resulting surface roughness is slightly visible by
eye if viewed under the right light, (particularly if ap-
plied in a pattern as described below), but nevertheless
is so slight that the increase in surface porosity, as mea-
sured by a profilometer, relative to the base porosity 1s
nearly immeasurable. For instance in a typical case, the
base porosity of a cylinder lining after etching and hon-
ing might be in the order of 20 microinches rms. The

rms porosity after application of the break-in coating of

the present invention will not be statistically different.

Surprisingly where it had previously been thought
that the break-in coating required a distinctly measur-
able roughness, and high application rate to be effective,
I have discovered that the barely perceptible break-in
surface of the present invention is effective to conform
the cylinder and piston to each other during break-in.
This invention has the advantage that the residual
roughness after break-in is only that which is controlia-
bly applied as the base porosity, so that oil consumption
is dramatically improved.

In a preferred embodiment of the present invention

the foregoing break-in coating is applied in a distinct

pattern in which the abraded portions of the cylinder
wall cover from 10% to 80% of the surface, and prefer-
ably between 30% to 50%. In this improvement the
pattern may be either regular, geometric or random, but
arranged so that as the piston reciprocates, each arcuate
element of the piston perimeter passes through roughly
equal amounts of abraded and nonabraded surface.

As an example of the present invention, the cylinder
liner, having an electro-deposited chromium finish, 1s
honed to a smooth finish of proper dimensional toler-
ance. Porosity is then induced by any of the conven-
tional reverse current methods, crack inducing methods
or mechanical methods, for example, by methods such
as those described in the above-mentioned U.S. patents.
Porosity can be controlled within the range of 10% to
50%, with various degrees of hole diameters and
depths, or crack structures and densities. Some methods
produce very uniformly controlled pore densities, diam-
eters and depths. The cylinder liner 1s then fine-honed
to create smooth plateau bearing surfaces resulting in a
first finish, or “base porosity” for the cylinder liner.

The second “break-in” surface is then applied either
over all or in a pattern such that each peripheral .cle-
ment of the piston ring will contact the break-in
(abraded) surface and non-abraded surface during its
travel in the cylinder bore in roughly equal proportions.
The break-in surface is formed by applying a matt of
fine abrasive media, for example, dry aluminum oxide.
Preferably, the break-in surface will increase the base
porosity of the cylinder liner by only about 1%-3%
once it has worn away during the break-in period.
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In accordance with a preferred embodiment, the
break-in surface is applied in a spiral pattern, similar to
a “barbershop pole”, on the inner surface area of the
cylinder liner. It should be understood that the mven-
tion is not limited to a spiral pattern, however, and
patterns of circular, square, geometric and non-geomet-
ric shapes, even random shapes of various sizes and
densities will be satisfactory. It is only necessary that
the break-in surface be provided in such a manner that
every radial position of a piston ring reciprocating in

the cylinder bore contacts both the smooth plateau
surfaces of base porosity areas and the break-in surface

areas of the cylinder liner during the course of a stroke,
thereby providing intermittent contact of the piston
ring on the break-in surface. This partial contact re-
duces the load bearing area of the piston ring and thus
increases the surface loading, thus providing faster lap-
ping-in of the piston rings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
the scope of which will be pointed out in the appended
claims, reference is made to the following detailed de-
scription of an illustrative example thereof, taken in
conjunction with the accompanying drawing, in which

FIG. 1 represents a longitudinal view in section of a
part of a cylinder for a reciprocating piston engine
having an inner cylindrical surface area finished 1n ac-
cordance with the present invention.

FIG. 2 schematically illustrates the bore surface of a
cylinder line with the base porosity, i.e., before the
break-in finish is applied.

FIG. 3 schematically illustrates a bore surface of a
cylinder liner with base porosity after the break-in finish
is applied in accordance with the industry standard
method.

FIG. 4 schematically illustrates the bore surface of a
cylinder liner with base porosity after a break-in surface
is applied in accordance with the present invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENT

Referring to FIG. 1, there is illustrated a longitudinal
view in section of part of a cylinder for a reciprocating-
piston engine, the surface of which has been finished 1n
accordance with an exemplary embodiment of the pres-
ent invention.

The cylinder 10 may be made of cast iron, steel, or
other suitable material, and in this embodiment has been
provided with an electroplated chromium finish by a
manner known per se. The cylinder 1s then honed to
finish size tolerances, and a surface porosity 1s induced
by any of the known methods for doing so, e.g., by
reverse current etch methods or mechanical methods.
After inducing the base porosity in the range of
109%-50%, depending on the specific application and
the amount of lubricating oil retention required, the
surface is often fine-honed to provide smooth plateaus,
or land surfaces, around the pores. Pore depth may vary
from a superficial one one-hundred-thousandths of an
inch deep to three-thousandths of an inch deep, depend-
ing upon the method selected for imparting the base
porosity. The resulting finish is the “base porosity” of
the cylinder liner.

To achieve the rapid and efficient break-in period
desired of the present invention, a second “break-in”
surface is formed, preferably this break-in surface does
not cover the entire surface area of the cylinder liner,
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but only about 10%-80%, preferably in a range of about

30%-50%, of the surface area.

In a preferred example herein described, the breakin
surface is formed by applying a matt of abrasive media,
for example, aluminum oxide, of 60-150 grit size. The
breakin surface should be sparse, and may typically
form a spiral pattern, similar to a barbershop poie. For
in a 22 inch by 9 inch diameter cylinder the break-in
surface is a single spiral 14 of about 1"-13" wide,

leaving a spiral 12 of about 13”-24" wide of the first
base porosity surface (i.e., cylinder liner to which the

' break-in surface has not been applied) between the
“spirals 14 of the break-in surface. If applied by an

impeller, the spiral pattern in the break-in surface is
created by an appropriate mask. Alternatively the
break-in surface can be applied by a nozzle which blasts
a jet of air laden with abrasive on a small portion of the
surface. By rotating the jet in a spiral pattern relative to
the liner, a spiral breakin surface is generated. In either
event, the abrasive is applied at a low rate to generate
substantially dispersed pits and projections which char-
acterize the break-in surface of the present invention.

Typically the blast rate is in the order of one pound of
abrasive for a cylinder of 22 inch by 9 inch diameter

applied in a time of about one minutes.

The break-in surface is provided on the cylinder liner
in such a manner that every radial position of a piston
ring reciprocating in the cylinder bore contacts both the
base porosity areas 12 and the break-in surface areas 14
of the cylinder liner during the course of its stroke in the
cylinder, thereby providing intermittent contact of all |
radial locations of the piston ring on both base porosity
14 and break-in surface 12 areas of the cylinder liner. In
the illustrated example, about 120° of the periphery of
the piston ring contacts the second finish, the remaining
240° of the periphery contacting the base porosity sur-
face at any given axial location.
I believe that the intermittent contact of the piston
ring on the two different surfaces reduces the load bear-
ing area of the cylinder liner, and thus increases the
surface load in the break-in surface area, thus providing
faster lapping in of the piston rings. Substantially all of
the break-in suface eventually wears down during the
break-in period, and imparts only a slight additional
porosity to the base porosity of the cylinder liner prefer-
ably of only about 19%-3%.
It should be understood that the present invention 1s
not limited to the application of the second finish in the
spiral pattern illustrated, and that variations and modifi-
cations may be made without departing from the inven-
tive concepts disclosed herein. For example, patterns of
circles, squares, geometric or non-geometric shapes,
even random shapes of various sizes and densities may
suffice. All such variations and modifications are in-
tended to fall within the scope of the appended claims.
I claim:
1. In 2 method of finishing the inner surface area of a
cylinder liner for accommodating a reciprocating pis-
ton, comprising the steps of
forming a honed inner surface of a predetermined
base porosity and having plateau surfaces, said base
porosity being in a range of about 10%-50% and
being effective to maintain a film of lubricating o1l
on the cylinder liner to lubricate said cylinder liner
relative to said piston reciprocating therein, and

forming a break-in surface by applying an abrasive
medium to said honed surface area
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the improvement wherein said break-in surface is

formed by blasting said honed surface with from
0.0005 to 0.005 pounds of an abrasive per square
inch of surface, said abrasive having a grit size of 60
to 150 mesh.

2. The improvement according to claim 1, wherein

said blast of abrasive particles is applied to pattern areas 10

5

15

20

25

30

35

40

45

50

35

60

65

6

of said honed surface which cover from 10% to 80%
thereof.

3. The method according to claims 1 or 2, wherein
the cylinder liner to which the finishing steps are ap-
plied 1s lined with chromium.

4. The method according to claim 2, wherein said
pattern is formed as a spiral.

5. The method according to claim 4, wherein said

pattern 1s a single spiral.
* % X ¥k %k
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